Thermal conductivity of binary aqueous solutions of 1,2-ethanediol and 1,2-propanediol was measured using the transient hot wire method at temperature from 253.15 K to 373.15 K at atmospheric. Measurements were made for six compositions over the entire concentration range from 0 to 1 mole fraction of glycol, namely, 0.0, 0.2, 0.4, 0.6, 0.8, and 1.0 mole fraction of glycol. The uncertainty of the thermal conductivity, temperature, and concentration measurements are estimated to be better than ±2%, 0.01K, 0.1%, respectively. The second-order Scheffé polynomial is used to correlate the temperature and composition dependence of the experimental thermal conductivity, which is found to be in good agreement with the experiment data from the present work and other reports.
Introduction
1,2-Ethanediol and 1,2-propanediol are important chemicals in industries and scientific researches. 1,2-Ethanediol, also known as ethylene glycol, is a commercially important raw material for the manufacture of polyester fibers, chiefly polyethylene terephthalate, and can also be used as a humectant, plasticizer, softener, etc. 1,2-Ehanediol lowers the freezing point of water, therefore aqueous solutions of it are commercially applied as antifreezes. They are widely employed, for example, in motor vehicles, solar energy units, heat pumps, water heating systems, and industrial cooling systems. [2] 1,2-Propanediol, also called propylene glycol, is widely used in the manufacture of unsaturated polyester resins. It is a precursor of many polyether polyols used in the urethane foam, elastomer, elastomer, adhesives, and sealants industry, adhesives, and sealants industry polyester resins. Its aqueous solutions are utilized in aircraft de-icing and anti-icing fluids because of its proven performance, low toxicity, ready biodegradability, and environmental acceptance. [3] Its solutions play an important role as heat transfer fluids and coolant agents owing to their ability to efficiently lower the freezing point of water and their low volatility. Although ethylene glycol solutions have better thermophysical properties than propylene glycol solutions, especially at lower temperature, the less toxic propylene glycol is preferred for applications involving possible human contact or where mandated by regulations. [4] The physical properties have to be known in process engineering and in heat exchanger 2 / 11 design. For instance, Najjar et al. demonstrated the influence of improved physical property data on calculated heat transfer rates and showed that e.g. the resulting error in heat transfer coefficients will be about 110% if each of the estimated physical properties is 50% high. [5, 6] Among those thermal properties, thermal conductivity is essential to designing heat transfer and thermal energy storage systems, yet the thermophysical properties of these aqueous solutions are still scarce, especially at low temperature. [4] With regard to thermal conductivity at atmosphere, researchers were prone to investigate them together, probably due to their similar properties and applications. Literature on thermal conductivity of aqueous solutions of 1,2-ethanediol and 1,2-propanediol are summarized in Table 1 . In this paper, thermal conductivity of binary aqueous solutions of 1,2-ethanediol and 1,2-propanediol was measured using the transient hot wire method at temperature from 253.15 K to 373.15 K covering the whole composition range at atmospheric. The second-order Scheffé polynomial was used to correlate the temperature and composition dependence of the experimental thermal conductivity.
Experimental

Chemicals
The chemical samples of 1,2-ethanediol and 1,2-propanediol used in this work were analytical grade. Both of them have mass fraction purity of 99.0 % and were provided by Sinopharm Chemical Reagent CO, Ltd., China. Complete specification of chemical samples is listed in Table 2 . Deionized and redistilled water was used throughout all of the experiments. All sample materials were used without further purification. In the experiments, the aqueous solutions were prepared by weighing, and then injected into the pressure vessel. An analytical balance (Mettler Toledo XS205) with an accuracy of ±0.1 mg was used to weigh the samples. The measurements of thermal conductivity were conducted by the transient hot-wire apparatus. The physical basis details of the transient hot-wire technique has been described elsewhere. The main structure of the apparatus, procedure of measurements, calibration procedure, and uncertainty assessment have been given in our earlier publication. [20] For experiments in present work, only the size of the pressure vessel and the multimeters of the data acquisition system were modified. Thus, a simple description is presented here.
The hot wire was a single tantalum wire with a diameter of 25 um and a length of about 30 mm. The tantalum wire was anodized to form a layer of insulating tantalum pentoxide on their surface. The tantalum wire was enclosed by a stainless-steel vessel with a volume of about 20mL. A schematic diagram of the transient hot-wire apparatus is presented in Figure 1 . The power of the circle was supplied by a Keithley 2400 sourcemeter. The resistance of the tantalum wire was obtained by measuring the current and voltage using two Agilent 34410 digital multimeters. All the data acquisition and instrument control were performed by a computer via the IEEE-488 interfaces.
The transient hot-wire apparatus was completely immersed in a thermostatic bath (Fluke, model 7037). The temperature was measured with a platinum resistance thermometer. The total uncertainty of the temperature for the thermal conductivity The performance of the apparatus was tested by measuring the thermal conductivity of saturated liquid toluene (mass fraction purity better than 99.5 %) from 273K to 373 K. Agreement with recommended values calculated by REFPROP software was within a maximum deviation of 1.20 % and an average absolute deviation of 0.61 %. This comparison indicated that the uncertainty in the measurement of the thermal conductivity should be better than ±2.0 %.
Considering the uncertainties of temperature, pressure, and concentration measurements, the total experimental combined expanded uncertainty of the thermal conductivity measurements at the 95 % confidence level is estimated to be 2 % with a coverage factor of k=2.
Results and Discussions
Pure liquids
Thermal conductivity of pure liquid 1,2-ethanediol and 1,2-propanediol is presented in Table 3 . Table 3 Thermal conductivity of 1,2-ethanediol and 1,2-propanediol 
where T denotes the absolute temperature of solutions in K, ai, bi and ci are coefficients.
Data are fitted via the least-square method and correlation coefficients are obtained, shown in Table 4 .
As error of correlation shown in Figure 4 and Figure 5 , the average absolute deviations and the maximum absolute deviations of the calculated thermal conductivity of mixtures from experimental data are respectively 0.87 %,2.52 % for 1,2-ethanediol, and 0.53 %, 1.53 % for 1,2-propanediol. The calculated values are in satisfying agreement with the experiment data. Values of thermal conductivity of 1,2-ethanediol measured in this work are compared with reported by other researchers in Figure 2 , and 1,2-propanediol in Figure 3 . It can be easily seen that most data are within ±2% of calculated lines. The maximum absolute deviations of 1,2-ethanediol and 1,2-propanediol from calculated values are 3.24% and 2.55% respectively. Comparison of thermal conductivity of 1,2-ethanediol. ○, Ref. [12] . △, Ref. [22] . ▽, Ref. [23] . ◇, Ref. [24] . ◁,Ref. [25] . ▷, Ref. [9] . , Ref.
[15] , Ref. [6] . ☆, Ref. [17] . □, present work. Solid line, calculated from correlation. Dash line, ±2%. Figure 3 Comparison of thermal conductivity of 1,2-propanediol. ○, Ref. [12] . △, Ref. [26] . ▽, Ref.
[19]. ◇, Ref. [9] . □, present work. Solid line, calculated from correlation. Dash line, ±2%.
Mixtures
Experiment results of thermal conductivity with different temperature and fractions are Table 5 Thermal conductivity of 1,2-ethanediol binary solutions Table 5 (1,2-ethanediol) and Table 6 (1,2-propanediol).
Owing to the lack of fully developed thermal conductivity predictive models for liquid mixtures, empirical and semi-empirical correlation equations are considered in the literature. The second-order Scheffé polynomial was applied in this paper. With its simple forms, the polynomial is able to correlate binary data satisfactorily.
[27]
with λ1 and λ2 thermal conductivity of pure liquids predicted by Eq.(1), and β12 expressed by 12 12 12 AB T  
Combining Eq.(1)(2)(3), the thermal conductivity of binary solutions can be calculated by fractions of components and temperature. Thermal conductivity of pure water is obtained by IAPWS formulation. [28] The coefficients in these equations are presented in Table 7 .
As error of correlation shown in Figure 4 and Figure 5 , the average absolute deviations Table 6 Thermal conductivity of 1,2-propanediol binary solutions The deviations of correlation from other authors' measurements are shown in Figure 6 and Figure 7 . Most values are within ±3% of the fitting equations, indicating the good agreement between the measurements of present work and others. The largest deviation is 2.52% for 1,2-ethanediol, and 4.92% for 1,2-propanediol.
Conclusions
Thermal conductivity of binary aqueous solutions of 1,2-ethanediol and 1,2-propanediol was measured using the transient hot wire method at temperature from 253.15 K to 373.15 K at atmospheric, with mole fractions of glycol to be 0%, 20%, 40%, 60%, 80% and 100% for both solutions. The measurement uncertainty of thermal conductivity is estimated to be better than ±2% with a coverage factor of k=2. Thermal conductivity of pure liquids is correlated with temperature via second-order polynomial and is found to be in good agreement with other reports. The second-order Scheffé polynomial was used to correlate the temperature and composition dependence of the experimental thermal conductivity. The average absolute deviations and the maximum absolute deviations of those calculated values from the experimental data are 0.87 %,2.52 %, and 0.53 %, 1.53 %, respectively. Experiment values from other authors are compared with correlation functions and they are in good agreement.
